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Abstract?2-methylisoborneol (2-MIB) produced by cyanobacteria and actinomycetes is a saturated bicyclic-tertiary 
alcohol, which can cause earthy/musty taste and odor in surface water. Moreover, 2-MIB is usually difficult to be 
decomposed and removed by conventional water treatment process. In this paper, hydroxyl radical (•OH) generated by a 
strong ionization discharge process at atmosphere pressure was used to degrade 2-MIB in water, of which the removal 
efficiency including dose effects and contact reaction time were investigated. The intermediate products formed in •OH 
treatment process were analyzed by GC-MS, and the oxidative degradation mechanism of 2-MIB by •OH was discussed. 
Results show that the removal rate for 2-MIB with initial concentration of 150and 300ng/L could reach 96% and 97.6% 
within 6.0s, while the total reactive oxidant (TRO) dose were 1.8and 2.3mg/L, respectively. After •OH treatment, the 
concentration of 2-MIB in water was lower than 10ng/L (lower than the human olfactory threshold). The degradation 
effects of 2-MIB were obviously reduced by the •OH scavengers tertiary butyl alcohol (TBA), indicating that •OH should 
be the main oxidant for 2-MIB oxidative degradation. By analyzing the intermediates produced in the oxidative 
degradation process, it was found that the bridge ring structures of 2-MIB could be destroyed by •OH and finally 
mineralized to CO2 and H2O. 
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? 317ng/L[4].??????????? 2?MIB
???? 500ng/L[5].????????????
?(GB5749 2006)?[6]??? 2?MIB?????
10ng/L. 
2?MIB ????????????,??
??????????,?????????
?:???????????????????
2?MIB,????????:O3?HClO?ClO2?
KMnO3?H2O2 ?????????? 2??
MIB[7?8].????,Cl2?ClO2? 2?MIB????
??,?? 72h????? 50%[9];??????, 
KMnO4?H2O2?? NaClO? 2?MIB????
??????[10]. 
???,???????????????
?????.????,???????????
???????????? 2?MIB.?????
????? O3/H2O2??????[11],Tran ??
??? TiO2/UV ????? [12],?????
2?MIB?????????. 
??????(•OH)??????????,
????•OH ????????(2.80V),???
???????,??•OH? 2?MIB?????
??? 109M?1s?1,????? 2?MIB?????
????????.????????????
???????•OH ???,???????
2?MIB ????????.?????????
2?MIB ???????????????,??
??? GC?MS ? 2?MIB ?????????
???????????? •OH ????
2?MIB??. 
1  ??????? 
1.1  ???? 
??????????? 2?MIB ????
?? 1 ??,?? O2 ???????????
???,???????(7kV,10kHz)?????, 
?????????(0.2mm)????????
???????[13].??? O2 ???????
?????????? O2+?O(1D)?O?O2??
O2(a1∆g)?O3??????[14?16],???????
?????????,?????????.??
????????????????????
????????????????•OH ??
??????? H2O2?HO2¯?O2·¯?O3·¯?HO3·?,
??????????????????(1)~
?(9)??[14,17?19]. 
 O2+ + H2O + M → O2+·H2O + M (1) 
 O2+·H2O + H2O → HO3+ + ·OH + O2 (2) 
 O3 + H2O → O2 + H2O2  (3) 
 H2O2 → H+ + HO2−  (4) 
 O3 + HO2
? → O2?· + ·OH + O2  (5) 
 O2
? ·+ O3 → O3?· (6) 
 O3
?· + H2O → ·OH +OH? + O2 (7) 
 O3 + H2O + M → H2O2 + O2 + M (8) 
 O3 + H2O2 → HO2?· + ·OH+ O2  (9) 
? 2?MIB??????????,????
?????????????,???•OH ?
2?MIB ????????(??(10)),????
? 6????,????????????? 1s.
??????•OH ? 2?MIB ???????,
????? (TBA)?? •OH ??? [20],??
2?MIB????????? TBA,??????
? 1????????. 
 ·OH + 2?MIB →?? (10) 
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Fig.1  Apparatus schematic of oxidative degradation 
2?MIB by •OH 
1.2  ???? 
???????????????? TRO 
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(mg/L)??,?????? KI–4????N,N???
??? (DPD)?????,??????? EPA 
330.5 ??,????????????(??
EPA Method 330.5, US)[15]. 
?? 2?MIB(Wako, Japan)??HP?SPME?
????? GC?MS ??.?????? 20mL 
?? 40mL ?????????????,??
6g NaCl(??? 450??? 4h),?? SPME??
?(???????/????????? 65µm 
PDMS/DVB) (Supelco, USA),? 65??????
1200r/min????????? 30min,????
??????? GC ???????????
?[21]. 
GC?MS(Agilent 7890A?5975C, USA)??: 
?????????,????? 250?,???
? 3min(1min????, 2min???????).
????(HP?5MS;30m×0.250mm× 0.25μm): ?
???He,?? 1.0mL/min,????: 40? (??
2min)????? 140?(4?/min)?????
280?(10?/min)?? 5min.MS??? 150???
?? 230?.????:????? m/z 30?500, 
2?MIB???? 95?108?168????:???
???? 2?MIB??????? m/z:95[22]. 
2  ??????? 
2.1  ?????? 2?MIB????? 
??? 1 ??,????? 2?MIB ????
??.2?MIB???????150?300ng/L,??
????? 6 ????????,??????
??? 6s.2?MIB ?????????????
??? 2??,????????? TRO???
??,2?MIB ??????????.? TRO ?
0.8mg/L?,????? 150,300ng/L? 2?MIB?
??????38,148ng/L;?TRO???1.8mg/L
?,150ng/L?2?MIB???6ng/L,????96%;
???? TRO? 2.3mg/L, 300ng/L? 2?MIB?
??????? 7ng/L,???????.??
2?MIB ??????????? TRO ????
?,??????? 2?MIB ?????????
?????(GB5749 2006)?[6]????. 
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Fig.2  Oxidative degradation result of different 
concentrations of 2?MIB 
2.2  •OH? 2?MIB??????? 
???????TBA??•OH???,??
?????????•OH ?????????
???,TBA ?•OH ?????? kTBA, •OH ?
6×108M?1s?1,?•OH ???? 2?MIB(k2?MIB, •OH 
=4.3×109M?1s?1)??????•OH ???[20].?
?????????? 0.1? 4.0mmol/L?TBA
??? •OH ? 2?MIB ??????? .?
300ng/L ? 2?MIB ?????•OH ?????
?(? 1)?,?? 2.3mg/L? TRO, ???? 1?2?
3?4?5?6 ???????(40mL ?????
?? 0.1mL 0.1mol/L?Na2S2O3???????
?),???•OH ??????? 1~6s.????
???? 6 ??????? ,??????
2?MIB?????.•OH?? 2?MIB?????
???? 3??,?? TBA?,? 2?MIB???
???????,?????? 6s? 300ng/L?
2?MIB??????98.7%,60s???????
??;?? TBA ?? 2?MIB ????????
?,? TBA??? 0.1mmol/L?,?? 6s???
TBA ?????? 98.7%?? 59.7%,????
????? 180s ? 2?MIB ???????
63.6%;? TBA ??? 4.0mmol/L ?,?? 6s ?
2?MIB ????? 8.3%,??????? 180s
????????.????????????
11? ?????????????????-????? 4169 
 
???????????? 2?MIB ???,?
2?MIB ????????? •OH,? •OH ?
2?MIB ?????????????????
????. 
?? Chick?Watson??[23],? t?? 2?MIB
??(Ct)??? 2?MIB(C0)??????,???
??,? 
ln (Ct / C0) = ?kcn t 
??: k ?•OH ???? 2?MIB ?????
?,M?1s?1; t?????,s; c?•OH??,mg/L; n
????????. 
?? 3 ??? ln(Ct/C0)????? t ??, 
R2>0.98,6s ???????,??•OH ? 2?MIB
?????????????????. 
??? Yuan?[24]??? O3?,Mizuno?[25]
??? O3/H2O2??????,Bang ?[26]???
H2O2/UV???? Park?[27]???H2O2/ FeO42?
???????,???????•OH ????
????????? 2?MIB ????????
??, ??????????.?????,??
????????????????????,
????????????????????
•OH,??????????????????
??????•OH ???,?????????
?????????,????? 1 ?????
???????????????? 2?MIB. 
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Fig.3  Effects of reaction time on 2?MIB oxidative 
degradation by •OH 
2.3  •OH???? 2?MIB?? 
????? 1000ng/L? 2?MIB??•OH?
???????,?? 1 ??????????
TRO ??? 1.0,3.5mg/L,?? 6 ?????,?
0.1mol/L? Na2S2O3??????.??GC?MS
???????•OH???? 2?MIB????
????? .?????? 4 ?? ,TRO ?
1.0mg/L?,???9?????;TRO?3.5mg/L
?? 2?MIB ? ,????????????
?,TRO ? 3.5mg/L ??? 1000ng/L ? 2?MIB
????,??? 2?MIB??????????
????????????? CO2? H2O.??
???NIST11???????????1??,
?????????????? 80%. 
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Fig.4  Gas chromatography for •OH oxidative degradation 
of 2?MIB process  
•OH ???? 2?MIB ????????:
???•OH?? 2?MIB??,????????
???????,?????????????
????,? I: 2????2???,II:??,III:1,7,7?
????2???????,IV:2???????1??;
???•OH???????,? C=C?????
???????????,?????????
???????????,? VI:2??????
?1??, VII:2,2?????1,3??????;???
•OH ????????????,??????
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???????????????????,?
X:4????2???,XI:3?????, XII:????
??? XIV: 6????2,6????,??????
???? H2O2/O3???? 2?MIB ?????
????[10].??•OH???????????,
????? CO2? H2O. 
? 1  •OH???? 2?MIB?????????? 
Table 1  Matching result for intermediates produced from •OH oxidative degradation 2?MIB process 
?? ?? ??? ????(min) ??????(??? m/z) ??? 
(%) 
CAS? 
2?MIB 2?????? 
 
OH
14.82 95(135) 98 2371?42?8 
?????? 
I 2????2??? 9.68 107(135) 94 72540?93?3 
II ?? 
O
10.98 95(152) 96 76?22?2 
III 
1,7,7?????2?
?????? 14.69 107(150) 96 27538?47?2 
IV ?? 
 
OH
17.91 81(135) 93 1632?73?1 
?????????? 
VI 
2??????
?1?? O
7.66 57(124) 90 102386?90?3 
VII 
2,2?????1,3?
???? 
 OO 8.92 70(126) 91 3883?58?7 
????????????? 
X 4????2???  O 5.45 43(114) 87 105?42?0 
XI 3????? O 5.77 44(70) 82 590?86?3 
XII ????? 
 
OH
O
4.86 57(101) 86 1070?83?3 
XIV 
6????2,6??
?? 
 OH
14.48 44(128) 83 5903?52?6 
 
•OH? 2?MIB?????????? 5?
?:2?MIB????????????,? 2??
??????,????????,??OH ??
??????.•OH ????????????
??,???? 2???OH???H??H2O,•OH
???????? 2????,?? 2?MIB??
??.?? 2?MIB?? 2??C?C??????
(81kcal/mol)????? C?C ??? (88~ 
90kcal/mol)????? [28?29],? •OH ??? , 
2?MIB ? 2 ?????????????,??
?????? 1,7,7?????2???????(III)
? 2???(V*),??(III)????????? 2?
???2???(I),??? 2???(V*)?????
?????????(IV),???? V*???
?OH ?•OH ???????????(II).??
????????[8,11,30]. 
??•OH ?????????,?????
?????????????,??????
•OH?????,????????,??2???
????1??(VI)?2,2?????1,3?????
11? ?????????????????-????? 4171 
 
(VII))?2,2,3?????3??????(VIII)??
2,2?????3 ?????(IX)???????,?
??????????????? C=C,???
??????•OH ??.??•OH ??????
? 2????2???(I)?????(?? 6??):?
??•OH???,? 3????????,•OH?
??????? I? 2??,????????,I
?????????????,???????,
????????•OH??,??H2O??CO2,
????????????? VII?VIII*?IX*. 
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Fig.5  Degradation process of 2?MIB by •OH 
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Fig.6  The open bridge ring structure process of 
intermediate I by •OH 
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??????.? VII ??,VII ?•OH ????
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Fig.7  Ring opening and mineralization process of 
monocyclic intermediate VII by •OH 
3  ?? 
3.1  ????????????·OH ????
???????????? 2?MIB.?????
? 150,300ng/L? 2?MIB,?? 1.8,2.3mg/L??
???,?????? 6s,???? 10ng/L ??,
????? 2?MIB???????. 
3.2  ?????????????2?MIB??
?????????,•OH???? 2?MIB??
?????,???????????????
????????,?????? CO2?H2O?
?????????. 
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